WHAT IS CLAIMED IS: 

1. A method of treating a hydrocarbon containir^ formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 
5 formation; / 

allowing the heat to transfer from the'one or more heat sources to a selected 
section of the formation; / 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
10 about 375 °C; and 

producing a mixture from the^formation. 

p 2. The method of claim 1, wherein the one or more heat sources comprise at least two 
« heat sources, and wherein superposition of heat from at least the two heat sources 
=S5 pyrolyzes at least some hydrocarbons within the selected section of the formation. 

% 3. The method of claim 1, wherein controlling formation conditions comprises 
s maintaining a temperature \yithin the selected section within a pyrolysis temperature 

JE range. 



4. The method of claim J, \yherein the one or more heat sources comprise electrical 
heaters. 



5. The method of clainp 1, wherein the one or more heat sources comprise surface 
25 burners. 



6. The method of clym 1, wherein the one or more heat sources comprise flameless 
distributed combustors. 



30 7. The method of claim 1, wherein the one or more heat sources comprise natural 
distributed combustLrs. 
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wherein Pwr is the heating energy/day^Jzis-airSve^ heating rate of the 
formation, p B is formatioi^^ and wherein the heating rate is less than about 10 

i 

5 21^. The method of claim 2 1& , wherein allowing the heat to transfer comprises 
transferring heat substantially^ conduction. 

2128. The method of claim 2117, wherein providing feaTrromlSeT Hie-oiH^ 

sources comprises heath3g4he-selecTe<rsecfon such that a thermal conductivity of at least 

10 



£ 15 



ru 20 




t u n is gieatei than abuul 0.5 W/(m °C). 



2J^ 



2129. The method of claim wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2^0. The method of claim 2^, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2 Ip 1 . The method of claim 2^7, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2Jp2. The method of claim 2W7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
25 basis, of the condensable hydrocarbons is nitrogen. 



2^, 



l$3 



21p3. The method of claim 2U^, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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\1 2J^. The method of claim 2^r7 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



The method of claim 21^, wherein the produced mixture comprises condensable 
Hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2^6. 



2jJ?, 



21/6. The method of claim 2 W7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



2^7. The method of claim 2J^u, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

The method of claim ^17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



21J9. ' 
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21^9. The method of claim 2^7, wherein the produced mixture comprises condensable 
Hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

"2140. The method 01 claim 211/, wherein the piodueed niixtufe-eomprises^rion- 
condensable component, wherein the non-condensable componentjxn^ 
wherein the hydrogen is greaterjhanraboutrlir^by volume of the non-condensable 
component, arjd-whSrein the hydrogen is less than about 80 % by volume of the non- 
opndgnsable component. 



579 



Conley, Rose & Tayon, P.C. 



1 



I . The method of claim 21^7, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



2J&. ' 



The method of claim wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2143. The method of claim 711 7 1 fiirther comprising control ling Hpiessnrc with ki at 
least a majority of the selectgd^e^tieft-efift wherein the controlled pressure 



10 
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ut- 2i0 bar absolute. 



is at- 

21^. The method of claim 2^7, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

y&5. The method of claim 2^4, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

The method of claim 21#7, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2147] Thp^TK^hod ^clflim 7117, fii rther comprising controlling fo rmation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2yT6. 



25 2148. The method of claim 2117, further comprising 

providing hydrogen (H 2 ) to the he^ted^ection to hydrogenate hydrocarbons 
within the section; and 

heating a portipir6t the section with heat from hydrogenation. 



30 2149. method of claim 2117, further comprising: 

prnHi]fjng hydrogen and condensable hydrocarbons from the formation; and 
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^b¥dl XIgenating a portion Of the p rn ^irpH c nn dnnQnhlp hyrtrnnnrhnng y^fr 

portion of the produced hydrogen. 



ist a 



2150. The method of claim 2117, wherein alkfwing the heat to transfer comprises 
5 increasing a permeability of a majprit^f the selected section to greater than about 1 00 
millidarcy. 



2151. 
sub^anti 



method of claim 2117, wherein allowing the heat to transfer comprises 

section. 



increasing a permeability of a majority of the select 
21^. The method of claim 2^0, further comprising controlling the heat to yield greater 



tnan aboui 




about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

lethod of claim 2117, wherein producing the mixture comprises producing 



the mixture in a production well, and wherein at least about V heat source^ aie disposed^in 
the formation for each production well. 



]J 2154. The method of claim 2117, further comprising providingii^at from three or more 

^ 20 heat sources to at least a portion of the formation, wherein^tKree or more of the heat 
p sources are located in the formation in a unit of heat^ources, and wherein the unit of heat 

sources comprises a triangular pattern. 

2155. The method of claim 211 7, Jxlrther comprising providing heat from three or more 
25 heat sources to at least a portiorfof the formation, wherein three or more of the heat 
sources are located in the^ormation in a unit of heat sources, wherein the unit of heat 
sources composes a/tnangular pattern, and wherein a plurality of the units are repeated 
over an area o£me formation to form a repetitive pattern of units. 



30 2\5§s A method of treating a hydrocarbon containing formation in situ, comprising: 

first section of the formation toprodug C " u u iixtuj^^oitiJheJbrmation; 
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neatk^^ggCOnd section Of t*»f formation * anH 



recirculating a portion of the produced mixture from the first section interne 
second section of the formation to provide a reducing environment within/fhe second 
section of the formation. 



2157. The method of claim 2156, further comprising m^kitaining a temperature within 
the first section or the second section within a pyrojy&s temperature range. 

2158. The method of claim 2156, whereirfneating the first or the second section 
10 comprises heating with an electrical heater. 

2159. The method of claim / 2l56, wherein heating the first or the second section 
□ comprises heating with a^urface burner. 

15 2160. The methpd of claim 2156, wherein heating the first or the second section 
JE comprises heating with a flameless distributed combustor. 



2161. yThe method of claim 2156, wherein heating the first or the second section 
rairfp rises heating with a natural distributed combustor. 

2wL. The method of claim 215f£ further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



25 



2 1 63 . The method of claiifo 2156, further comprising controlling the heat such that an 
average heating rate of the fpl^r the second section is less than about 1 °C per day 
during pyrolysis. 



30 / 2164. The methqdofdaim-245^ me tirst or the second secuoh 
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heaung a selected volume (V) oi the Hydrocarbon containing formation from^fie 
or more heat sources, wherein the formation has an average heat capacity (CjjV^nd 
wherein the heating pyrolyzes at least some hydrocarbons within th&sdected volume of 
the formation; and 

wherein heating energy/day provided to the vpkftne is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulkptensity, and wherein the heating rate is less than about 10 
°C/day. 



2165. The methpd of claim 2156, wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 



15 
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2166^ The method of claim 2156, wherein heating the first or the second section 

mprises heating the fir st or tiie second section such that a thermal cond uctivity of at 
l east a p o itio iTofTKelirstor the second section is greater than about 0.5 W/(m °C). 

The method of claim 2^o, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2^8. The method of claim 2^o6, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2]£9. The method of claim 2^6, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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53* if^ ^ C met ' 10 ^ °^ c ^ m wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 ' 2J^1 . The method of claim 21SJ£ wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

yfll. The method of claim 2Urt>, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2^3. The method of claim 21p6, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2w4. The method of claim 21po, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
20 hydrocarbons are aromatic compounds. 

2y5. The method of claim wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2jp6. The method of claim 21^6, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



584 



Conley, Rose & Tayon, P C. 



ft 



2VTI. The method of claim 2/y#>, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 



condensable hydrocarbons are cycloalkanes. 



as a non- 



10 



2^8rMlieTneihod ot claim 2156, wherein the produce 

condensable component, wherein^^^oa=-©efidgnsaBIe" component comprises hydrogen, 
wherein the hydrogg£4s*gfeater than about 10 % by volume of the non-condensable 
compjgjjerir, and wherein the hydrogen is less than about 80 % by volume of the non- 
i§aBlecomponent. 

The method of claim 2^b, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



(o3 
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2^80. The method of claim 2^76, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 




^within at 



2181. The method o fgtarm 2156, turther^o uipi isi i ig coiilic 

least a majority of the^rsti3£=seeoTRl^ction oitheformation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



p 20 
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2J#2. The method of claim 2^6, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 



about 0.5 bar. 



6k 
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2)$3. The method of claim ^^2, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



2 Ws4. The method of claim 2J£>6, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2T8' S " ' Ihe Tfl e&edns ^ lurthgm 

providing hydrogen (H2) tothg^sfSr^ second section to hydrogenate 
hydrocarbons withintb©^ft?for second section; and 



heat 



:ona section with heat from hydrogenation. 



2186: rhe method of claim 2156, turther comprising: 

producing hydrogen and condensable hydrocarbons fromjh^ formation; and 
hydrogenating a portion of the produced condensaW^nydrocarbons with at least a 

portion of the produced hydrogen. 

2 1 87. The method of claim 2156, whpr^in heating the first or the second section 
comprises increasing a permeability of a majority of the first or the second section to 
greater than about 100 miHidarcy. 



15 2188. The meti*<xi of claim 2156, wherein heating the first or the second section 

compnse^^stfbstantially uniformly increasing a permeability of a majority of the first or 
% the^€cond jection. 

p /j^VN^ra^. The method of claim 21^, further comprising controlling the heat to yield greater 
l Z 20 than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
□ Assay. 



2i90r-TKelnethc^^ producing 
the mixture in a production well, and wherein at least about 7 heat sourcesaredisj 
25 the formation for each production well. 



30 



2191 . The method of clakrr2l56, further comprising providing heat from three or more 
heat sourcesJo-afTeast a portion of the formation, wherein three or more of the heat 
sou£ce£are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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